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Abstract
Simulation-based building performance allows detailed assessment of energy consumption in buildings, to analyze the energy 
performance. We can examine the influence of each factor extensively and systematically utilizing a dynamic energy simulation 
tool such as EnergyPlus®, which allows flexibility of the energy model and variability of the construction elements, material
properties, lights, HVAC system and occupants. The parametric model was developed according to the standards of designing 
office work spaces, accessories and communication. The parameters of user comfort are implemented from the weather data with 
the location: Belgrade, Serbia.
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1. Introduction
A great amount of world energy demand is connected to the built environment. The connection between the 
increased CO2 discharge to the atmosphere and the use of energy is also a motive to render a more efficient energy 
usage, and lowering the total energy demand [1]. Electricity, heating, cooling and ventilation account one third of 
total energy consumption in office  buildings. Therefore, the goal is finding an alternative solution in order to reduce 
the energy demand and losses. Numerous researches have been devoted in order to investigate the energy 
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performance of buildings in the commercial sector. [2-12] Building energy efficiency and building performance 
topics were elaborated via investigations of existing office buildings and computational building models 
respectively.
Simulation-based building performance allows detailed assessment of energy consumption in buildings, to 
analyze the energy performance. We can examine the influence of each factor extensively and systematically 
utilizing a dynamic energy simulation tool such as EnergyPlus®, which allows flexibility of the energy model and 
variability of the construction elements, material properties, lights, HVAC system and occupants. The parametric 
model was developed according to the standards of designing office work spaces, accessories and communication. 
The parameters of user comfort are implemented from the weather data with the location: Belgrade, Serbia. The 
results of the energy simulation outline major criteria for qualitative enhancement. The investigation concerns the 
following objectives:
x Modeling a basic medium office building according to the functional disposition of office work spaces
x Implementation of weather data, location data, construction sets and materials, schedules for operation of lighting, 
HVAC, and occupancy
x Performing an annual energy simulation, 8760 hours, via Heat Balance EnergyPlus thermal model
x Evaluation of the HVAC system influence on the total annual energy consumption and testing the efficiency of the 
Heat Recovery system.
2. Parametric analysis model
The parametric model is constructed as a medium office building consisting of 8 offices, entrance, hall and WC, 
shown in table 1. The climate and location data were used from the weather file of the US Department of Energy. 
[13] The location of the following building model is Belgrade, Serbia.
Table 1. Spaces
Space Area [m2] Volume [m3] Space Area [m2] Volume [m3]
Office 1 48.27 168.95 Office 6 16.53 57.85
Office 2 48.27 168.95 Office 7 16.53 57.85
Office 3 48.27 168.95 Office 8 16.53 57.85
Office 4 16.53 57.85 Entr.,hall 60.00 210.0
Office 5 16.53 57.85 WC 12.50 43.75
Area Sum [m2] 300 Volume Sum [m3] 1050
The setup of the parametric model was performed in Open Studio1.0.0 and EnergyPlus 7.2
program. [13, 14]
The building elements, HVAC system, occupants, electric equipment, lighting and schedule sets form the input 
data for the energy simulation.
EnergyPlus requires spaces to be transformed into thermal zones in order to define the properties necessary for 
the calculation of the energy loads.
Building loads are a complex topic because there are many interrelated terms to navigate. Energy loads can be 
divided into:
1. Thermal loads (the heat energy that needs to be added to or removed to maintain thermal equilibrium, sensible 
heat, and control moisture, latent heat, for occupant comfort)
x Heating loads
x Cooling loads
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2. Internal loads (People, equipment, lighting)
3. External loads (Sun, air, moisture)
4. Equipment loads
x HVAC
x Plug Loads
x Lighting Loads
3. The Schedules and construction
The thermostat schedules were calibrated to the following, Tab. 2.
Table 2. Thermostat schedules
Schedule Date Time Temperature limit
Office Cooling Setup Schedule 01.05 – 30.09 Mo. To Fri. 7-18h 24 0C
Office Heating Setup Schedule 01.10 – 30.04 Mo. To Fri. 7-18h 21 0C
The schedules for the operation of the building equipment, interior lights and occupants were also set up for the 
date, time and scale of the function.
For the construction the ASHRAE 189.1 Climate zone 7-8 Construction Set was used.
The elements which were modified in the exterior surface construction are the exterior walls, while in the sub-
surface construction double layer technical glass was applied for the windows.
The layers for the new construction elements are shown in table 3, and the surface properties are shown in Tab. 4.
Table 3. Modified construction set properties
Exterior wall Properties Windows Properties
100 mm brick d = 0.1016m
c = 0.89 W/mK ʌ =
1920kg/m3 Q = 790 J/kgK
6 mm glass panel Solar transmittance 0.4296
Solar reflectance 0.5204
Visible transmittance 0.4503
Conductivity 0.0089 W/mK
100 mm insulation d = 0.1016m
c = 0.03 W/mK ʌ = 43 kg/m3
Q = 1210 J/kgK 13 mm Air gap
d = 0.0127m
200 mm concrete block d = 0.20m
c = 1.11 W/mK ʌ = 800kg/m3 
Q = 920 J/kgK
6 mm glass panel
Solar transmittance 0.4296
Solar reflectance 0.5204
Visible transmittance 0.4503
Conductivity 0.0089 W/mK
19 mm wall air space 
resistance
D = 0.019 m
R = 0.15 m2K/W
19 mm gypsum board d = 0.19m
c = 0.16 W/mK ʌ = 800kg/m3 
Q = 1090 J/kgK
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Table 4. Surface properties
Construction Reflectance U-Factor with Film [W/m2-K] U-Factor no Film [W/m2-K]
Surface Exterior wall 0.30 0.244 0.253
Ground floor slab 0.30 1.627 2.692
Roof 0.30 0.156 0.160
Window (Double-layer) Glass U-Factor [W/m2-K] Glass SHGC Glass Visible Transmittance
0.588 0.290 0.271
The building envelope and window to wall ratio is shown in table 5.
Table 5. Window-, wall-area and window-wall ratio
Total
North (315 to
45 deg)
East (45 to
135 deg)
South (135 to
225 deg)
West (225 to
315 deg)
Gross Wall Area [m2] 264.80 84.00 48.40 84.00 48.40
Window Opening Area [m2] 88.19 25.20 14.52 33.95 14.52
Window-Wall Ratio [%] 33.30 30.00 30.00 40.42 30.00
4. The Thermal zones
Four thermal zones were formed for the analysis. Two zones are formed from offices, the first from large- the 
second from small offices, the third zone is the WC and the fourth is the main entrance with hall. Each zone has its 
loads from the heating and cooling system, equipment, occupants, lights. The schedules applied for the zones have to 
maintain the comfort of users which referes to the temperature, humidity, illumination, air quality and airflow rate 
inside the building.
5. HVAC system
Packaged Rooftop Air Conditioner and Coil Heating Gas has been used for the whole complex to examine the
annual energy performance. Thermal zone 1 is the control zone for the building. The HVAC system consists of
supply and demand equipments, which are the following, Tab. 6.
Table 6. HVAC system elements
`Supply equipment Coil cooling dx single speed
Coil heating Gas
Variable speed fan
Setpoint manager single zone reheat
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Demand equipment Zone 1 Air terminal with Gas reheat
Zone 2 Air terminal with Gas reheat
Zone 3 Air terminal with Gas reheat
Zone 4 Air terminal with Gas reheat
6. Simulation and results
The simulation was performed for a period of one year, 8760 hours with 1 timestep calculation per hour. The
obtained results are the following, Fig. 1 and 2. The electricity consumption was calculated for heating, cooling, 
fans, interior lighting and equipment.
Fig. 1. Building energy performance – Electricity
Fig. 2. Building energy performance – Natural Gas
The factor of conversion from total energy into primary energy equals fprime = 3.5 for electricity and fprime = 
1.1 for natural gas which results in 37.451 kWh/yr of primary energy demand, meaning that the building requires 
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124.83 kWh/m2/yr. The heating loads for gas equal 20.248 kWh/yr which is 54.06 % of the total energy 
requirement. The electricity requirement for the lighting, operation of HVAC requires the following amount of 
electricity, Tab. 7.
Table 7. Annual electricity demand
Interior lights: 
electricity [J]
Interior equipment: electricity 
[J]
Fans: electricity [J] Heating: electricity 
[J]
Cooling: electricity 
[J]
January 288 851.000 614 172.000 335 115.000 45 127.649 157.361
February 259 563.000 558 036.000 268 734.000 16 998.185 60.932
March 284 216.000 619 514.000 265 302.000 2 799.054 395.695
April 281 460.000 601 823.000 247 351.000 - 5 419.385
May 280 659.000 609 969.000 256 006.000 - 440 482.000
June 281 460.000 601 823.000 247 612.000 - 733 491.000
July 292 409.000 623 717.000 255 992.000 - 1 070 810.000
August 280 659.000 609 969.000 256 368.000 - 943 937.000
September 281 460.000 601 823.000 249 779.000 - 300 249.000
October 288 851.000 614 172.000 257 291.000 295.710 20 825.262
November 273 268.000 597 620.000 266 873.000 6 737.135 65.351
December 292 409.000 623 717.000 329 082.000 208 595.000 39.059
Annual Sum 3 385 260.000 7 276 360.000 3 235 510.000 280 553.000 3 515 930.000
Minimum of Months 259 563.000 558 036.000 247 351.000 - 39.059
Maximum of Months 292 409.000 623 717.000 335 115.000 208 595.000 1 070 810.000
The obtained results show that the parametric model was calibrated in order to result in a reasonable energy
perfomance, while no Heat Recovery has been added to the HVAC system. To simulate the energy consumption and 
to obtain the efficiency of the Heat Recovery – Heat Exchanger, the unit was connected to the Air Loop Outdoor Air
System. The properties of the applied Heat Exchanger (air to air) are shown in Tab. 8.
Table 8. Heat Exchanger air to air sensible and latent
Supply air flow rate Autosized
Sensible effectiveness at 100% heating air flow 0,76
Latent effectiveness at 100% heating air flow 0,68
Sensible effectiveness at 75% heating air flow 0,81
Latent effectiveness at 75% heating air flow 0.73
Sensible effectiveness at 100% cooling air flow 0,76
Latent effectiveness at 100% cooling air flow 0,68
Sensible effectiveness at 75% cooling air flow 0,82
Latent effectiveness at 75% cooling air flow 0,73
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Heat Exchanger type Rotary
The exact simulation with the Heat Exchanger shows different results. The annual energy demand is shown 
in Fig. 3 and 4.
Fig. 3. Building energy performance - Electricity
Fig. 4. Building energy performance – Natural Gas
The factor of conversion from total energy into primary energy equals fprime = 3.5 for electricity and fprime = 
1.1 for natural gas which results in 25.332 kWh/yr of primary energy demand, which means that the building 
requires 84.44 kWh/m2/yr.
The heating loads for gas equal 8.581 kWh/yr which is 33.87 % of the total energy requirement. The electricity 
requirement for the lighting, operation of HVAC requires the following amount of electricity, Tab. 9.
Table 9. Annual electricity demand
Interior lights: 
electricity [J]
Interior equipment: electricity 
[J]
Fans: electricity [J] Heating: electricity
[J]
Cooling: electricity 
[J]
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January 288 851.000 614 172.000 311 517.000 32 501.577 2 039.200
February 259 563.000 558 036.000 259 066.000 11 940.257 3 230.235
March 284 216.000 619 514.000 258 764.000 293.407 1 219.578
April 281 460.000 601 823.000 247 351.000 - 1 772.539
May 280 659.000 609 969.000 256 638.000 - 432 177.000
June 281 460.000 601 823.000 247 487.000 - 679 195.000
July 292 409.000 623 717.000 256 124.000 - 939 546.000
August 280 659.000 609 969.000 256 615.000 - 819 599.000
September 281 460.000 601 823.000 249 496.000 - 293 045.000
October 288 851.000 614 172.000 255 996.000 71.440 6 437.088
November 273 268.000 597 620.000 258 026.000 3 710.102 2 024.722
December 292 409.000 623 717.000 317 042.000 161 983.000 2 761.413
Annual Sum or 
Average
3 385 260.000 7 276 360.000 3 174 120.000 210 500.000 3183 050.000
Minimum of Months259 563.000 558 036.000 247 351.000 - 1 219.578
Maximum of 
Months
292 409.000 623 717.000 317 042.000 161 983.000 939 546.000
Comparison among the HVAC system energy intensity is shown in table 10, without and with the application of 
the heat recovery.
Table 10. Utility use per total floor area
Without Heat Recovery With Heat Recovery
HVAC Electricity Intensity [MJ/m2] 23.97 HVAC Electricity Intensity [MJ/m2] 22.39
HVAC Natural Gas Intensity [MJ/m2] 225.88 HVAC Natural Gas Intensity [MJ/m2] 95.74
7. Summary
Building energy simulation presents a potential overview of the energy performance in buildings and gives a 
greater understanding of the energy consumption in each sector. With calibration of the model properties and 
mechanical systems it is possible with professional intervention to reduce the energy demand or to direct the 
requirements to an alternative sector where necessary.
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